HE majority of patients with pyogenic spondylodiscitis can be treated nonsurgically with antibiotics and immobilization. 21, 25, 26 Surgery is indicated in the following circumstances: 1) to obtain a bacteriological diagnosis when closed biopsy reveals no findings or is deemed unsafe; 2) when a clinically significant abscess is present; 3) in cases refractory to prolonged nonoperative treatment, in which the ESR and/or CRP level remains high or pain persists; 4) in cases in which spinal cord compression causes neurological deficits; and 5) in cases in which there is significant deformity or VB destruction.
does not appear to increase the risk of infection. 3, 11 Recently, authors of several studies have described good results after using titanium mesh cages instead of autogenous bone struts in anterior interbody fusion. 9, 13, 15, 17 At our institution, we have treated spondylodiscitis by using singlestage anterior debridement and interbody grafting with either an autologous bone strut or a cage filled with bone chips followed by posterior instrumentation.
In the literature, the reported use of cages in the treatment of spondylodiscitis has been limited to the titanium mesh cage. In this study we used the following 3 types of cages: titanium mesh cage (Harms, DuPuy Acromed), titanium cage (Titanium SynCage, Synthes), and PEEK cage (SynCage-LR, Mathys Medical).
The purpose of this study is to report our experience and compare the clinical and imaging outcomes of 37 consecutive patients treated using single-stage anterior debridement and grafting followed by posterior pedicle screw fixation for pyogenic spondylodiscitis, with the outcomes of 23 consecutive patients treated using autologous iliac bone strut and posterior pedicle screw fixation.
Clinical Materials and Methods
We retrospectively reviewed the cases of 60 patients (36 men and 24 women, mean 58 years) who were treated between January 2003 and April 2005 by using a single-stage anterior debridement and fusion with either an iliac bone strut or a cage filled with bone chips, followed by posterior pedicle screw fixation for the treatment of spondylodiscitis. The mean follow-up period was 35.8 months (range 26-50 months).
The diagnosis of pyogenic spondylodiscitis was based on clinical presentation, imaging findings (plain radiographs, CT scanning, and MR imaging), hematological examinations including blood cell count analysis, erythrocyte sedimentation rate, and CRP level. Fifty-nine of the patients had lumbar lesions, and 1 had a thoracolumbar lesion. A postoperative infection was diagnosed in 36 patients. Five patients had undergone invasive procedures such as root block or discography before they experienced infection. Three patients had urinary tract infections, 1 of which was diagnosed as an acute hematogenous infection of the spine. One patient had a recent history of cholecystectomy at another hospital, and a blood culture obtained postoperatively at that hospital revealed infection. The source of infection could not be identified in the remaining 17 patients. In 23 of the 60 patients, a preoperative biopsy sample and culture were obtained (from a CT-guided aspiration in 12 patients, from a percutaneous endoscopic discectomy after administration of a local anesthetic with irrigation in 6 patients, and from the previous surgical wound in 5 patients). In the remaining 37 patients, intraoperative specimens were obtained. All specimens were sent for Gram staining, aerobic and anaerobic culture and sensitivity, fungal culture, and acid-fast staining.
A positive culture was obtained in 31 patients. The most common causative organism was Staphylococcus epidermidis, which was positive in 14 patients. Other organisms were Staphylococcus aureus and Pseudomonas species (in 4 patients each); Escherichia coli and Acinetobactor baumanni (in 2 patients each); and Streptococcus uberis, Corynebacterium species, Burkholderia cepacia, Stenotrophomonas maltophilia, and Alcaligenes xylosoxidans (in 1 patient each). The patient demographics are summarized in Table 1 .
All patients were treated postoperatively with a minimum of 6 weeks of intravenous antibiotics, followed by Ն 6 weeks of oral antibiotics or up to the time when the ESR and the CRP level returned to within normal limits. Surgical indications included failure of medical treatment, severe pain, vertebral destruction causing instability or segmental kyphosis, neurological deficit, and abscess formation. The patients were divided into 2 groups: the strut group and the cage group. The strut group included 23 patients who underwent an anterior approach with debridement and interbody fusion with autologous iliac bone strut, followed by posterior pedicle screw fixation. The cage group included 37 patients who underwent an anterior approach with debridement and interbody fusion with a cage filled with bone chips, followed by posterior pedicle screw fixation.
The clinical outcomes were graded using the VAS, functional outcomes were measured using the ODI, and neurological outcomes were graded using the Frankel grade (Tables 1 and 2 ). The patients' scores were assessed by reviewing the medical records and by office interviews conducted at the last follow-up visit. Preoperative standing lateral radiographs, CT scans, and MR images were obtained in all patients. Postoperatively, lateral standing x-ray studies with dynamic views were obtained during follow-up, which included the last follow-up x-ray studies, obtained Ն 26 months after the surgery to determine the imaging-documented fusion, subsidence, and segmental lordosis. Successful imaging-documented fusion was confirmed according to the following criteria: the absence of motion of Ͼ 5°o n dynamic radiographs, absence of radiolucencies around a large area of cages, and absence of implant failure. 23 The change in segmental lordosis of each fusion level was assessed from the Cobb angle measured using preoperative and last follow-up radiographs (Table 2) .
Surgical Procedure
In both groups, a single-stage anterior debridement and fusion followed by posterior instrumentation was performed. Anterior access to the spine was achieved through the retroperitoneal approach. The peritoneal contents were placed rostrally by using a robotic arm retractor, and vascular dissection was performed using dissecting swabs with a hand-held retractor. After exposure of the anterior aspect of the affected disc, all of the diseased disc material together with the endplate cartilage was resected down to healthy bleeding bone. Adequate decompression of the dura was ensured at the same time. Drainage of the abscess was accomplished when necessary.
In the strut group, a tricortical iliac graft was cut to the proper length and firmly wedged into position by a mallet and impactor. In the cage group, 1 of the 3 types of cages were used: titanium cages in 22 patients, titanium mesh cages in 5 patients, and PEEK cages in 10 patients. When using the titanium or PEEK cages, a cage of proper size and height was chosen to fit the height and size of the disc space and to achieve sufficient stability and segmental lordosis. The titanium mesh cages were also tailored in such a way. The following 3 types of bone chips were packed into the cages: allograft bone chips in 26 patients, autograft bone chips harvested from the patient's iliac crest in 7 patients, and a mixture of autograft and allograft bone chips in 4 patients.
After the anterior fusion, the wound was closed, and the patient's position was changed from supine to prone for posterior pedicle screw fixation. Posterior pedicle screw fixation was performed through small bilateral skin incisions under fluoroscopic guidance or, in cases in which posterior decompression was needed to drain an abscess, through a midline incision and muscle dissection. The screws were usually inserted into the diseased segment only, but were sometimes extended to 1 or 2 upper and lower segments to obtain proper sagittal alignment. However, in 2 cases the screws were inserted into 1 upper and 1 lower segment, omitting the diseased vertebrae, and in 2 other cases, they were inserted unilaterally, when the surgeon was unsure about the quality of the infected vertebrae.
Statistical Analysis
Statistical analyses of the data were performed using SAS statistical software (version 8.1; SAS Institute). The independent two-sample t-test, Wilcoxon rank-sum test, Fisher exact test, and chi-square test were used for the statistical analysis. Statistical significance was set at a probability value of less than 0.05.
Results
All patients were treated postoperatively with a minimum of 6 weeks of intravenous antibiotics followed by Ն 6 weeks of oral antibiotics. Resolution of infection was exhibited in all, as noted by normalization of the ESR and CRP levels. Indications for treatment in this series of patients were mostly pain, failure of conservative treatment, destruction of vertebrae, and severe abscess formation. Fifty-eight patients complained of severe back pain (preoperative VAS score Ͼ 5; 34 of them had a preoperative VAS score of 9 or 10). Thirty-three patients had been treated conservatively before the surgery for a mean of 5.2 weeks (range 1-19 weeks), with or without preoperative culture. Twenty-five patients exhibited VB destruction including the anterior or posterior cortical margin. Sixteen patients had neurological compromise as noted by lower-extremity weakness or sensory change, but in most cases it was not severe. Of these patients, 11 had a Frankel Grade D and 5 a Grade C.
The patients' conditions were classified into 3 grades based on the severity of bone and soft-tissue destruction as found on preoperative imaging studies (Table 3) . Grade I represented isolated discitis or discitis with minor destruction of endplates. Grade II described discitis with moderate endplate destruction. Grade III represented discitis destruction of the VB. The differentiation between "minor destruction" and "moderate destruction" to the endplate was based on destruction of the VB adjacent to the endplate noted on CT scans and plain radiographs. If there was destruction of the endplate only, we classified it as minor destruction. If there was destruction of the endplate and also the portion of the body adjacent to the endplate without destruction of the anterior or posterior cortical margin of the VB, it was classified as moderate endplate destruction. In cases in which there was destruction of the anterior or posterior margin of the VB or destruction of the pedicle, we classified it as destruction of the VB.
In the strut group, the conditions of 8 patients (34.8%) were classified as Grade I, those of 6 (26%) as Grade II, and those of 9 (39.1%) as Grade III. In the cage group the conditions were Grades I, II, and III in 9 (24.3%), 12 (32.4%), and 16 (43.2%) patients, respectively. There was no statistical difference in severity of the disease between the two groups (p = 0.6718). The severity of infection was also evaluated by the formation of paraspinal abscess. The size of the abscess ranged from large to small, and the location of the abscess also varied including the posterior (intracanal), lateral, or anterior aspect of the disc or vertebra. Regardless of the size or location of the abscess, we simply classified the patients' condition based on the presence or absence of a paraspinal abscess. Twenty (87.0%) of 23 patients in the strut group and 33 (89.2%) of 37 patients in the cage group were noted to have a paraspinal abscess on preoperative MR images.
There were 14 Staphylococcus epidermidis infections (7 in both groups). Of these 14 patients, the conditions of 9, 3, and 2 were Grades I, II, and III, respectively. Of the 4 patients with Staphylococcus aureus infections, the condition of 1 was Grade I, and those of 3 were Grade III. Of the 4 patients with Pseudomonas infections, the conditions of 3 were Grade II, and that of 1 was Grade I. The conditions of the 2 patients with Escherichia coli infections were both classified as Grade III. In 29 patients in whom a negative culture was obtained, the conditions of 4 were Grade I, those of 9 were Grade II, and those of 16 were Grade III.
The mean operation time in the strut group was 263.8 Ϯ 83.0 minutes, whereas in the cage group it was 248.9 Ϯ 70.5 minutes. The mean blood loss in the strut group was 810 Ϯ 419.6 ml, and it was 612 Ϯ 500.4 ml in the cage group. There was no statistical difference in terms of operation time or blood loss between the 2 groups. There was 1 postoperative retroperitoneal hematoma in the strut group, in which a revision surgery was performed, and there were 3 superficial wound dehiscences on the posterior instrumentation site in the cage group, which were resutured after debridement.
Clinical Evaluation
The mean preoperative VAS scores and ODIs of all patients were 8.63 and 76.2%, respectively, and there was no difference between the groups. Improvement in VAS scores (that is, the difference in scores between preoperative and last follow-up) in the strut and cage groups were 5.4 Ϯ 2.3 and 5.6 Ϯ 2.9, respectively. Improvement in ODIs were 43.5 Ϯ 27.5% in the strut group and 53.7 Ϯ 30.1% in the cage group (not statistically different).
Preoperative neurological deficits were noted in 16 of the 60 patients. In terms of Frankel grade, 11 of the patients have improved during the follow-up period, and 5 have remained the same since the last follow-up.
Imaging Evaluation
Imaging-documented fusion was achieved in 21 of 23 patients in the strut group and in 36 of 37 patients in the cage group. Subsidence was noted in 10 of the patients in the strut group and in 7 of the patients in the cage group. The strut group had a higher rate of subsidence than the cage group (p = 0.0041). The definition for subsidence was Ͼ 5 mm of sinking of graft material under the endplates, with Ͼ 5 mm of disc space collapse compared with that noted on immediately postoperative radiographs. In the strut group, a Ͼ 5-mm decrease of disc space height due to the collapse of the autologous strut was also defined as subsidence. The disc space height was evaluated by determining the average of anterior, posterior, and median disc space heights. Immediate postoperative or 1-day postoperative radiographs were available for all patients who exhibited subsidence, and follow-up x-ray studies were obtained at 1 week; 1, 2, and 6 months; and 1 or 2 years. The last follow up x-ray studies were obtained Ն 26 months after the surgery. Comparing the interval until subsidence between the groups, the mean interval until subsidence was much shorter in the strut group (1.89 months) than in the cage group (13.07 months). The overall mean postoperative VAS score and ODI were 3.5 Ϯ 2.5 and 29.7 Ϯ 20.6, respectively, in patients who had subsidence. These patients experienced more pain and disability than did the patients without subsidence, in whom the mean postoperative VAS score and ODI were 3.0 Ϯ 2.1 and 25.1 Ϯ 17.5, respectively. However, there was no statistical significance in these differences (p = 0.4635 and p = 0.5884, respectively).
The degree of segmental lordosis of diseased segments was measured preoperatively by using the Cobb method. These values were 6.4 Ϯ 15.4°in the strut group and 9.9 Ϯ 14.1°in the cage group, which were not significantly different (p = 0.3733). The amount of postoperative improvement in segmental lordosis at the last follow-up was 4.5 Ϯ 9.0°in the strut group and 7.1 Ϯ 9.0°in the cage group (p = 0.2849).
Discussion
Autogenous bone grafting after VB resection in the presence of active infection was first reported by Wiltberger in 1952 and has since been demonstrated to be safe and effective regardless of the causative organism. 20, 27 Various authors have recommended against grafting with foreign material, because it may decrease antibiotic effectiveness and increase bacterial adherence and glycocalyx formation. 1, 12, 22 Oga and associates 22 evaluated the adherence properties of Staphylococcus epidermidis to stainless steel and found that the bacteria heavily colonized the rods. However, titanium may be less prone to bacterial colonization than other materials such as polymethylmethacrylate and stainless steel. 4 Recently, several authors have reported on the use of titanium mesh cages in the treatment of pyogenic spondylodiscitis. 9, 13, 15, 17 According to one report, the use of titanium mesh cages may provide better anterior column support, given that their structural integrity is not affected by degradative enzymes present in an infected environment. 13 Combined with posterior instrumentation, excellent imaging results can be obtained without impairing infection eradication. 13, 15, 17 In our series, the selection of autologous iliac bone strut or cages in anterior grafting of infected vertebrae was based on each surgeon's preference. There were 19 surgeons involved in this treatment, and each of them decided whether to insert autologous bone strut or cage to treat their patients' spondylodiscitis. Four surgeons used iliac bone struts only in 7 cases, 7 surgeons used cages only in 17 cases, and the remaining surgeons used either iliac struts or cages in 36 cases. Surgeons who selected either graft option have been influenced by other surgeons' opinions and experiences, and currently at our institution all the fusion operations for spondylodiscitis are performed using cages for anterior grafting. Although there were 19 surgeons involved in this series, their role in the surgery was limited to selection of graft material, posterior decompression if necessary, and pedicle screw fixation. In every case, the actual anterior procedures including anterior retroperitoneal approach, debridement of infected tissue, discectomy, and insertion of graft material were performed by our institution's specialized ALIF team, which consists of 3 thoracic or general surgeons, including our senior author (J.D.P.). Therefore, we believe that there was no problem related to the difference in learning curve of each surgeon in our series.
The use of titanium mesh cages has several benefits over iliac bone struts. The cage provides immediate stability, is rigid, and can tolerate compression forces well. The significant interface strength between the cage and endplates prevents it from extrusion or displacement. Most of all, the titanium mesh cage is the ideal shape, or it can be tailored to be positioned between adjacent vertebral endplates. 10, 20 When tricortical iliac bone struts are used for anterior grafting, the size and shape of the graft are difficult to estimate before harvesting it from the iliac crest. It has relatively small weight-bearing surfaces. It is mechanically weak, and osteoporosis of the vertebrae and bone graft may lead to discrete loss of height of a fused motion segment. 9, 14, 16, 24 In our series, we used titanium mesh cages in only 5 patients. In the rest of the cage group, titanium cages (Fig. 1) or PEEK cages were used. Both titanium cages and PEEK cages provided good anterior support combined with pos-terior pedicle screw fixation. These cages have a wide contact area, and therefore abnormal load distribution between the cage and vertebral endplate can be minimized. The size and height of the cages could be chosen to restore disc space height and to obtain ideal sagittal alignment. Like titanium mesh cages, the use of either of the other cages has advantages over iliac bone strut in terms of stability, rapid incorporation, and resistance to compression forces. By using 1 of these 3 types of cages, 97% of imaging-documented fusion was achieved without impairing infection eradication. We are unaware of any study of PEEK cages becoming infected with bacteria as has been reported with titanium cages. The use of a PEEK cage as a graft at an infected site was purely our empirical trial. Our 10 patients treated using PEEK cages exhibited excellent fusion without recurrence of infection or hardware infection. In our experience, in most cases the use of a titanium cage or PEEK cage was enough for fusion. The use of titanium mesh cages was only necessary in cases of severe VB destruction.
To our knowledge, there is one report in the literature in which the authors compared the use of titanium mesh cages with that of bone struts for anterior fusion of infected spines. In their report of 21 consecutive patients who underwent treatment for pyogenic spondylodiscitis, Hee et al. 13 compared the clinical and imaging outcomes between patients who underwent cage placement and strut placement. There were 5 patients who underwent anterior fusion with titanium mesh cages and 16 patients who underwent fusion with strut bone grafts. The improvement in sagittal alignment was 5 times greater in the cage group than in the strut group (15.0 Ϯ 7.3 and 3.2 Ϯ 4.8, respectively, p = 0.0009). This result is inconsistent with our findings. In our series, there were no statistical differences in either clinical or imaging outcomes between the groups, except for the rate of subsidence. In our study, all patients underwent posterior pedicle screw fixation after anterior fusion. However, in the study by Hee et al., 13 4 of 5 patients in the cage group underwent posterior instrumentation, and only 6 of 21 patients in the strut group underwent posterior instrumentation. These authors also compared the outcomes of 10 patients who underwent additional posterior instrumentation with those of 11 patients without posterior instrumentation regardless of group (cage or strut). The patients who underwent posterior instrumentation demonstrated 6.2 times greater correction of sagittal alignment than the patients who underwent anterior fusion only (11.1 Ϯ 7.4 compared with 1.8 Ϯ 4.6, p = 0.005). Therefore, the difference in sagittal alignment correction between the cage group and strut group in their study was likely influenced by whether posterior instrumentation was performed.
Because there is no accepted grading system for the severity of spondylodiscitis, we devised our own to correlate findings on preoperative images (MR images, CT scans, and plain radiographs). We retrospectively classified the condition of each patient in our series according to this system. The differentiation between each grade was somewhat obscure and subjective, but we could not think of a better way. For this reason, without proper grading of severity of disease, our study may not be a true case-control study. According to our grading system, there was no statistical difference in disease severity between groups (p = 0.6718). We also tried to estimate the severity of infection based on the formation of paraspinal abscess, but most patients in both groups had signs of paraspinal abscess on preoperative MR images.
The most common causative organism in our study was Staphylococcus epidermidis in 14 patients, which is inconsistent with findings in other studies. Throughout the literature, Staphylococcus aureus has been identified as the most common organism; 19 it was the second-most common organism (4 patients) in our study. The high frequency of Staphylococcus epidermidis as a causative organism may be due to the high proportion of postoperative infection in our series. In one study of surgical site infections following spinal fusions between 1994 and 1998, 36% of the infections were due to aerobic gram-negative bacilli, 27% were due to Staphylococcus epidermidis, and 23% were due to Staphylococcus aureus. 18 We estimated the severity of infection caused by each organism by using our grading system. Of the 14 patients with Staphylococcus epidermidis infections, the conditions of 9 were Grade I, those of 3 were Grade II, and those of only 2 patients were Grade III. In 4 patients with Staphylococcus aureus infection, the condition of only 1 was Grade I, and the conditions of 3 were Grade III. The Staphylococcus epidermidis infection showed less virulence compared with other organisms according to our grading system. In our study of 60 patients a postoperative infection was diagnosed in 36, and infection following invasive procedures to the spine was diagnosed in 5. The high rate of postoperative infection as well as the large population over a short period of time (Ͻ 2.5 years) was due to the nature of our institution (a spine hospital). Most inpatients at our institution were admitted for surgery. There were 33,075 spinal surgeries including 3025 ALIFs during the period of this study, and pyogenic spondylodiscitis was diagnosed in 239 patients. Conservative treatment alone was undertaken in 138 patients, and 41 patients underwent revision or simple decompression without fusion surgery. Of the 36 patients in our series who had postoperative infections, 23 had undergone previous spinal surgeries at our institution, and 13 had acquired the infection at other hospitals.
Conclusions
Anterior interbody fusion with cages followed by posterior pedicle screw fixation can be an effective surgical option in the treatment of pyogenic spondylodiscitis. Not only the titanium mesh cages, but also the titanium cages and PEEK cages were efficient in providing anterior fusion of the infected spine. With additional posterior pedicle screw fixation, both the iliac bone strut and cage groups exhibited no differences in terms of improvement in pain, functional disability, correction of segmental lordosis, and fusion rate. However, the rate of subsidence was higher, and the interval until subsidence was shorter in the strut group than in the cage group.
